A Few Studies on Donor Acceptor Interactions by Singh, Sant Bahadur
A FEW STUDIES ON DONOR 
ACCEPTOR INTERACTIONS 
DISSERTATION 
SUBMITTED fN PARTIAL FULRUy/IENT OF THE REQUIREMENTS 
FOR THE AWARD OF THE DEGREE OF 
M^attx of $ i^Io!BiopIip 
IN 
CHEMISTRY 
BY 
SANT BAHADUR SINGH 
DEPARTMENT OF CHEMISTRY 
ALIGARH MUSLIM UNIVERSITY 
ALIQARH (INDIA) 
19 8 7 
DS/o77y#l. 
'•" *•• - ^ ^ ' i ; r ^ v V H V \ • V ^ 
Jl^^^ Vci ki ComputUi 
Q^C-, 
^ ^ , - 1 
'<^a? 
DS1077 
Aligarh Muslim Univ. 
ALIQA8H-20200I ( i r iDU) 
Depanment of Chennstvy 
»hone Oifice'iBlB Homo »510 
UUSHWH I I . QURE5H! 
Utis i s to G«mfy ttot tb0 HvHiil 
dif^mftBtiOB « l t i t i U a t *A f9W S t u U s S 
Sent BiAiftdttr Singti mmtm mlX tli« xitqtiis»» 
»9Rt8 fm* i3»» i^ms^nm of ^ o t o r of f%J.lo* 
sofliy « ^ i« siiltBtilo fM* «ral)iii«[i£»« 
j U^Mu^ v-^  f ^ GL^S/U^ 
L«etian»r 
Address For All Correspondence : 
A - 3 Professors' Bungalow, Medical College Enclave, A.M.U,, ALIGARH-202001 (INDIA) 
Dedicated to ay father 
Late Thakur Sura;) Bhan Singh 
who left me In the cradle. 
CONTENTS 
Page 
Acknowledgements ... 1 
Abstract ... 2 
Chapter-1 General introduction ... 4 
Chapter-2 Some Studies on the novel 
reaction of 2^4 - dinitro-
toluene with p-dimethyla-
minobenz aldehyde ... 3-2 
1 
ACKNOWLEDGEMENTS 
I place on record icy deep sense of gratitude 
to Dr. Pushkin M. Qureshl, Lecturer« Department of 
Chemistry, whose valuable guidance, constructive 
criticisms and cooperation enabled me to give this 
task its present shape. 
I am grateful to Professor S.M. Osman, 
Chairman, D^artment of Chemistry for providing 
necessary research facilities. 
I sincerely thank Dr. Ali Mc^ainnad for his 
help with this work. 
I owe much to my research colleagues and my 
friends who rendered their help to me in many ways, 
lb 
(SANT BAHADUR SINGH) 
ABSTRACT 
The interaction of p-dimethylaminobenzaldehyde and 
2,4- dinitrotoluene has been studied spectroscopi-
cally both in the solid state and in solution. The 
product has been postulated to be a 1 ; 1 charge 
transfer complex. The association constant gives 
a value of 2,30 1~ mol" showing the formation of 
a moderately strong molecular corctplex. 
2 
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CaiAPTER - 1 
GENERAL INTRODUCTION 
4 
THE THEORY OF CHARGE TRANSFER COMPLEXES 
It has been well known for many years that when two 
different stable molecules are mixed in a suitable solvent 
(usually inert) the colour of solution sometimes changes 
strongly. Some examples are the mixed solutions of certain 
aromatic hydrocarbons and aromatic nitro or quinone compounds 
such as trinito benzene or p- benzocjuinone, Thermodynamic 
studies of these systems by means of such methods as spec-
troscopy verified that the appearance of the strong colour 
in a mixed solution is due to molecular cooqplex formation; 
the heat of formation (AH) owing to the complex formed 
was measured by many workers for various complexes, usually 
_1 
this value is not so large (less than 10 K cal mol for 
usual weak conqplexes) and is much less than the bond ener-
gies observed for common chemical bonds like C - c« C > N 
etc. 
Although various models for explaining these complex 
formations had been proposed by many authors until 1952, a 
question still remained concerning the origin of the intense 
colour brought about by the complex formation. Since inter-
molecular interaction energy in the usual molecular conplexes 
5 
is small, as mentioned above, we would be able to assume 
that the spectral change of each component caused by the 
complex formation will not be so large. On the other hand, 
the spectra with a quite high intensity appeared in the 
complex formation at positions far from the wavelength 
region of the spectra of each component. These pheno-
mena could not be explained by moleculeu: interaction mecha-
nisms such as dipole - dipole interaction, dipole - induced 
dipole interaction, dispersion forces etc. The intermole-
cular interactions mentioned above are electrostatic in 
nature. The first and the most widely accepted theory 
of molecular conplexes is due to Robert S. Mulliken. 
A simplified form of this theory will be discussed. 
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G.N. Lewis explained coordination confounds or 
dative confounds (e.g. R-N.aCl^ which can also be consi-
dered as an essentially stable molecular complex) in terms 
of a structure with sharing of the electron lone pair of 
the nitrogen atom between the N and B atoms. By this 
sharing the N atom as well as the B atom are surrounded 
by a conplete octet of Outer-shell electrons. This shar-
ing can be expressed in quantum-theory language by an 
approximate wave function y that is a combination of 
two resonance structures (D here is R-N,A is BCl ) : 
^\(AD) :^::^  a y^ (A,D) + b L^ .^  (A" - D+) (i) 
no-bond dative 
6 
The dative structure corresponds to an ionic plus 
a covalent bond and has sometimes been called a semipolar 
double bond. The interpretation of the N - B dative bond 
in the conplex as given by (1) is analogous to the appro-
ximate ionic covalent resonance interpretation of the 
Chemical bond in HCl: 
y(Hci) ^^"^^^ * Vo t«"*"*cO + b yi(H-ci) (2) 
ionic covalent 
In both exanples b > a. The inclusion of the no 
bond structure in (1) is even more important than that 
of the ionic structure in (2). 
Conqplexes are classified as strong or weak depend-
ing on whether the energy of formation and the equilibrium 
constant (K) are large or small. Increasingly strong do-
nors and/or acceptors form increasingly stable complexes 
A + D ** A , D 
Equation (1) shows that the complex is stabilized 
by resonance between y and y^* The forces involved 
being called Charge Transfer (CT), forces. However clas-
sical electrostatic forces (including induction forces) 
also contribute to the stability of the complexes and may 
even be of predominant importance for the stability of 
the most hydrogen - bt&nded complexes and of the weaker 
of the complexes of the b. A - a, 0— and the benzene 
3 
iodine (b. A . a^-) type. 
7 
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In terms of the resona^nce structure description 
of (1) the structure of the ground state of any 1 j 1 
complex is 
V N = ^ ^O ^^ -^ ^ + ^  H'l '^'" " ^ ""^  
This function is normalized as follows: 
Since V , y and y-^ are all normalized hence 
[• y/ df- l.| Yo^ ^^ = 1 and I y^^ df = 1 
Substituting these values in equation (3) we obtain 
a^ + 2ab J y ^ ^^ d-f + b^ = 1 (4) 
I Yo Yl ^^ ^^ called the overlap integral and is 
represented by So, with the integration carried over all 
space. If the complex is loose So^ is small and 
2 2 
a + b i==i- 1 (5) 
2 Here b approximately measures the weight of the 
dative structure or the fraction of an electron transfer-
red from the donor to the acceptor in the ground state. 
8 
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The term 2ab SOj^  can easily be as large as b or larger. 
Half of this term can reasonably be assigned to the donor 
and half to the acceptor so that the fractions P and F^ 
in the no - bond and dative structures are: 
2 2 
F = a + ab SOj^ , F^^ = b + ab Soj^  (6) 
In loose conplexes between closed - shell donors 
2 2 2 
and acceptors b ^^ :^  a . For benzene^ l2» b is per-
2 haps 0.06 or less; for pyridine. I^t b is approximately 
2 0.2; for trimethylamine, I2/ b may be 0.4, 
If the ground state structure of the conplex (weak 
or strong) is given by iJ then according to quantum 
theory principles there must be an excited state U/ 
where y„ refers to the CT state. y„ is given by 
y^ (AD) + a* fj (A" - D"*") - b* y^ (A,D) (7) 
The coefficients a* and b* are determined by the quantum 
theory requirement that the excited state wave function be 
orthogonal to the ground state function i.e. T^ y GIT'S: 0. 
The excited state function iV is normalized as follows: 
( y^^ d t = a*^ + b*^ - 2a*b* So^ = 1 (8) 
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This makes a* ^ =^ a and b* ^ ^^ ^^  b. If SOj^  were zero, 
a » a* and b = b* would be true exactly. 
For loose, molecular coiqplexes the ground state is 
2 2 
mostly no-bond that is a » b . According to the ortho-
gonality requirement the excited state is mostly dative 
2 2 i.e. a* » b* . The excitation of an electron from y 
to y„ essentially amounts to the transfer of an electron 
from D to A. The theory further shows that spectroscopic 
absorption from '•/ to y_ should occur generally with 
high intensity. 
Conplexes have been studied mostly in solution but 
4-16 
some studies have been made in solids and in the case 
of n»v# conpounds and also recently of a few complexes of 
17 la 
weaker types in the vapour state ' , Complexes in solids 
even when of lil stoichiometry do not always occur in the 
form of pairwise units. Studies in the vapour are diffi-
cult because K is small and interference of overlapping 
Spectra of the uncomplexed conponents is often severe. 
These difficulties are also found for solution studies 
but they are less troublesome because K is larger. The 
complete absorption spectrum of a conplex consists of 
absorption to the following: 
i) Locally excited states (states of A or of D more 
or less but usually not greatly modified in the 
conplex) . 
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ii) CT Statesr Y„, as in (7) and other CT states invol-
ving excited dative structures, for example 
V(D** - A - ) . y (D*.A-*)]. 
Figure 1 shows the change that occurs in the spect-
rum of iodine when it dissolves in n-heptane and then etha-
nol is added (ethanol is transparent upto 220 nm). The 
peak of the C2Hc.OH.I2 CT band is marked in the figure, 
and the position of the shifted visible absorption band 
of I2 in the con5)lex (a transition to a locally excited 
state) is also indicated. The contact CT band appears as 
a long wavelength shoulder on the ultra-violet iodine b^d 
when I2 is dissolved in heptane. It is felt by some authors 
that the irtportance of CT forces in stabilizing the ground 
state of such complexes has been exaggerated. 
Classification of Electron Donor and Acceptor; 
In this section we discuss the classification of 
various kinds of charge transfer type complexes according 
to charge transfer theory because the classification of 
these conplexes seems to be important in the interpretat-
ion of the physicochemical nature and electronic state of 
complexes. Mulliken * proposed this kind of detailed 
calssification (which is generally enployed by many wor-
kers in this field) from the viewpoint of the molecular 
11 
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I2 band 
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I2 band 
CT(V*-N) band 
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Fig. 1 The apparent molar absorptivity of I2 vapor and of I2 
and EtOH. I2 in n-h«ptane. Here is for I2 vapor, for I2 
in n-hcptone, and for I2 in n-heptone with 3-4M 
ethyl alcohol. 
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electronic state. Therefore we describe briefly the classi-
20 fication according to the Mulliken nomenclattire • 
A. Electron Donor; 
The electron donor is first divided into R and E 
types. The former classifies the donor molecule as a 
radical with odd electrons; the latter, as the molecule 
with even electrons, as are the usual organic neutral 
molecules. The E type donor molecules are classified as 
n, 0— and J{ types, where the electron donating orbital 
participating in molecular complex formation is non-bond-
ing , cr— / and 7: orbitals represented by n, g— and 7\ , 
respectively. Typical exanples are: the lone pair orbital 
of R3N, 0— filled molecular orbital of aliphatic hydrocarbon; 
and the 'jr filled molecular orbital of benzene, etc, for 
n, g— and /f types of donors, respectively. Mulliken 
introduced here the terms increvalent or sacrificial, de-
pending on whether the CT complex formation leads to a 
additional valence bond formation or causes a weakening 
of the bonding in the donor itself. A donor molecule 
of n type belongs to increvalent donor because the trans-
fer of an electron of lone pair electrons (which originally 
did not enter into bond formation) to the vacant orbital 
of an acceptor brings about a new bond D"*"- A"; i.e., a 
13 
lone pair electron participates in a new bond formation 
and is called increvalent. On the other hand, o~ and 7^  
type donors are classified as sacrificial donors. When 
these donor molecules enter into CT con(>lex formation, 
an electron (which occupied in most cases a highest 
filled molecular orbital) is transferred to the vacant 
MO of an acceptor. The result here is that the bonding 
in the donor molecule itself is weakened and then the 
donor is called the sacrificial type. 
B. Electron Acceptor; 
Following the same approach toward the classificat-
ion of electron donors, electron acceptors are also devided 
into Q and E types. The former denotes a radical acceptor 
molecule with odd electrons, and the latter is the same as 
in the case of electron donors (i.e., the E type of elect-
rons grouped into v, g— and 7\ types. Type v denotes 
the vacant ocbital (v) acceptor, a vacant orbital of which 
belongs to a key atom of an acceptor molecule; a typical 
exan^ ple is 2p vacant orbital of boron in the molecule BR^. 
When this orbital enters into the CT type of coirplex 
formation with an amine R3N, a new bond —— N"*" §" 
is formed so that the v type of acceptor is increvalent. 
The acceptor orbitals of cT" and X types of acceptors 
are, of course, Q — and TT type antibonding vacant 
14 
molecular orbitals. If those orbitals participate in com-
plex formation it is evident that the bonding within the 
acceptor molecule itself is weakened, as has been discus-
sed in the case of the g- and A type donor molecules. 
Therefore the q— and K types of acceptors are said to 
be sacrificial acceptors. Table-1 summarizes the preceding 
discussion. 
One can now say that there will occur various kinds 
of CT conplexes 
Table - 1 
Classification of Electron Donors and Electron Acceptors 
No. of Functional Donor Acceptor 
electrons ^YP® Abbreviation Abbreviation 
Odd Radical R Q 
Increvalent n v 
Even Sacrificial T- X r' 7s 
Which are classified by the combination of the different 
donor and acceptor orbitals shown in table - 1. 
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MULTIPLE CHARGE-TRANSFER SPECTRA 
We can see from Table - 2 that the intensity of CT 
spectra of the iodine _ benzene coitplex is very large and 
that both the K value and the value of — A H increase 
proportionately with increasing size of electron donor 
hydrocarbons. However, the intensity of the CT spectra 
is inversely proportionate with increasing donor size. In 
particular, CT spectral intensity of the anthracene - io-
dine conplex seems to be weaker than that expected from the 
assurnption that the CT spectra may borrow much of their in-
tensity from strong absorption bsnds of the donor itself. 
This assumption is valid because these catacondensed hydro-
carbons have several lower-excited states allowed strongly 
from the selection rule. In connection with this problem 
Murrell ^ proposed the following discussion. Generally 
the MOs of aromatic hydrocarbons spread over the whole 
molecule so that the overlap between the electron donor 
orbital and the accepting ( 0^ u of the I^ nvDlecule) orbi-
tal becomes smaller for large hydrocarbons than for smaller 
ones. AS a result of the CT intensity of the iodine con|)-
lexes with large hydrocarbons results in a weaker intensity 
conpared with that of the conplexes with small size hydro-
carbons. At the same time the stability of the complexes 
should decrease with increasing donor size of hydrocarbons. 
16 
as CT theory suggests. Actually, however, K and — A H 
values turn out to be larger with increasing size of 
hydrocarbons; i.e., coirplexes become stable, as Table 2 
shows( 
The main reason for these results may be as follows: 
when hydrocarbons increase in size there appear many MOs 
whose energies are not so separated from one another. 
Hence it is possible that the charge transfer is also 
brought about from deeper MOs as well as the highest 
occupied MO of hydrocarbons. Thus these CT states can 
interact with the ground non-bonding, state, resulting 
in greater stabilization of the ground state. As a net 
result the conplex becomes more stable as the ring size 
of hydrocarbon becomes larger. The CT bands caused by 
the charge transfer from deeper donor orbitals will be 
hidden under the absorption bands caused by the donors or 
acceptors themselves. 
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Table - 2 
Spectroscopic and Thermodynamic Data of Ionic Complexes 
"ITlth Some Aromatic Hydrocarbons 
^.CT.-^ £^( AiiSx) (soiv) r^rziT-' 
Benzene 0.15(25°C)^ 16,400(292 m jui) (CCl.) ^  - 1.3(Hexane)^ 
CCI4 (CCl^)C 
Naphthalene 0.25(25°C)^ 7,150(360 m p)(hexane)^ - 1.8(hexane)^ 
CCI4 
Phenanthrene0.45(23*^C)*^ 7,100(364 m jj) (CCl) *^  
CCI4 
Anthracene 3„0 (23'^ C)'^  ,—550 at 430 m p ^ - 1.6 (CCl ) ^ 
CCl^ (430 mja) (CCl^)"^ ^ 
CH2CI2 
a . L . J . Andrews and R.M. Keefer , J . Am, Chem. S o c , 
74, 4500 (1952) . 
b . J . A . A . K e t e l a a r , j . P h y s . Rad. , 1^, 197 (1954) . 
c . R.M. Keefer and L . J . Andrews, j . Am. Chem. S o c , 
77, 2164 (1955) . 
d . J . P e t e r s and W.B. P e r s o n , J . Am. Chem. S o c , 86, 
10 (1964) . 
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Multiple CT bands, especially two CT bands, have 
)»een reported by many workers for various kinds of molecu-
lar conplexes, A typical exanple is shown in Fig. 2. 
The Oscillator Strength and Transition Moment; 
The theoretical oscillator strength is defined by 
the equation: 
ftheor ^ 4^^Q4 ^ ^Q-7 ^ ^ , ^ ^ X ( )^cr)^ (7) 
where, \) ^^ is the maximum frequency of a charge 
" max 
transfer band and ;aCT is the transition moment defined 
as: 
1/2 
PCT = 0.0958 £ max T\ 
V max 
(8) 
where, /\Y) y2 ^^ t^® '^^l^ width in era" at half maximum. 
The experimental oscillator strength is given by 
the expression: 
f « ^ = 4.319 X 10-^/£d S) = 4.319 x lo"^ [ ^  ^ ^ AV:^2 ] ^9) 
19 
350 550 400 450 500 
wavelength (myu) 
Fig-2 Two CT absorption spectra observed on the 
chloranil-substituted naphthalene Tr-rr 
complexes in CCI4 : naphthalene, 
a—chlornaphthalene at-methylnaph — 
thalanc. of—mcthoxynaphthalene. 
CReproduced from A. Kuboyama, J. Chem.Soc 
Japan,83, 376 (1962)J. 
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SPECTROPHOTOMETRIC DETERMINATION OF EQUILI-
BRIUM CONSTANT AND MOLAR ABSQRPTIVITy 
The formation constant Is defined for the reaction 
D + A ^—fc C, 
by the expression ; 
ro ^A 
Here, for example, CL is the concentration (in moles 
per litre) of the donor that exists in the solution at equi-
librixim. If we take solutions with a fixed total concentra-
tion C^ of A but with increasing concentrations of D, equa-
tion (10) implies that the concentration C- of the complex 
C increases as shown in Fig. 3. (The absorption observed 
may be that of the CT band or it could be absorption for 
a locally excited band of D or A, shifted in the complex). 
Since the absorbance A due to C in a region in which the 
complex absorbs is given by Beer's law, 
A^ = log - ^ « £ C^l 
Here ^ is the molar absorptivity of C and 1 is 
the length in centimeter* of the absorbing path. The value 
of A^ must increase as Cj^  increases, as is seen from Pig.3. 
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Fig.3 Th« concentrotlon of complex a« a function of 
donor concentration for a fixed totol acceptor 
concentrotion C^. Region I ; CQ if approximotely 
a linear function of c^.Rtgion I I I : Saturation 
has been reached, and Cr is constant ond equal 
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Depending on how large K is, C at maximum possible donor 
concentration (region III of Fig, 3, K > 1.0) or be limited 
to region II (K -^^^^^^ 0.1) or even to region I (K .^  0.01) . 
(In the latter two cases the CL scale in Fig, 3 would of 
course be modified). 
As a specific exan^le, the visible spectrum of 
the conplex between pyridine - N - oxide and I2 is shown 
in Fig. 4, This figure illustrates the increasing absor-
bance near 45o nm of the conplexed I2 and the decreasing 
absorbance near 520 xm due to the familiar locally excited 
band of uncomplexed I2 as the concentration of donor is 
increased/ with an isobastic point at 490 nm • The exis-
tence of this point confirms the assunption that only two 
species in the solution (conplexed !_ and uncoirplexed I-) 
absorb in this region of the spectrum. 
Pig. 4 also illustrates the problem of overlapping 
absorption of two species, which often occurs, in princi-
ple a correction is made for the absorbance due to the 
unconplexed I2 in order that the absorbance due to the 
conplex alone may be obtained (illustrated by curve 6 in 
Pig. 4). In practice the details of this correction may 
be somewhat troublesome; for exanple we determine ^ ^ for 
the acceptor alone in a solvent and conpute the correction 
A to be substracted from the total absorbance A^ to obtain 
A , the absorbance of a D.A complex C. In doing so we 
23 
450 500 550 600 650 
Mm/d.) 
Fig.A The visible absorption spectrum of pyridine-N-oxide* 
iodine in carbon tetrachlonde(23t ,5-cm cell). Curve 1 
is for iodine (9-550 xlO^^M). The concentration of 
pyridine-N-oxide ore 4.210x10 M for curve 2, 8421 x 
-3 -3 
10 M for curve 3, 16.84X 10 M for curve 4 and 33.68x 
-3 10 M for curve 5i curve 6 is a calculated curve for 
the absorption that is due solely to the complexed 
iodine molecule. [From T. Kubota^ J. Am. Chem. 5ocv87-
458 (1965)J. 
24 
usually assume that the absorption for unconplexed A 
does not change when the solvent is changed by adding D. 
This assunption is at best questionable in the case of 
weak conplexes, for which C^ has to be made rather large. 
From the corrected absorbance A_ at a given frequ-
ency \) for a series of concentrations CL, the values of 
K and ^^ can be obtained using the method of Benesi 
22 
and Hildebrand, The Benesi-Hildebran^ analysis starts 
from the assunption that only one eguilibrium exists in 
the solution and that the constant is defined as in (10). 
Then* using a zero superscript to denote the total concen-
tration (C° » ^ "*" ^C ' ®tc.)# we have, 
4- - ^^ - V ^^A - ^C) « i^fZ - C^ ) - C° + C^  (11) 
under the usual conditions (K small, A relatively insolu-
ble) C? is very much greater than C^ , in order to form 
enough coiqplex; C? » C^ ;;> C-, . Prom Beer's Law 
Cp « A /^l ; hence to a good approximation. 
1 « f V S ^A pO 
n r A^ " ^ (12) 
Dividing by Cj. f ^  and rearranging, we obtain the 
Benesi - Hildebrand equation; 
25 
^'^A _ 1 1 , 1 (13) 
Here in a given experiment we know 1, C and C^ ^ ; A is 
measured for a series of solutions with varying C_ , and 
the results are plotted as shown in Fig. 5. From the slope 
and intercept the values of K and ^ can be obtained-
Other Thermodynamic Properties; 
We can obtain A H from measurement of K at more 
23 than one tenperature by using the Van't Hoff equation 
In K = g— (-^ ) + — 5 — (14) 
Assuming that AH is constant over the teitperature 
range involved, a plot of In K against 1/T should then be a 
straight line whose slope gives A H and whose intercept 
o o 
is -AS /R. In, this way the enthalp^ ^ change A H and the 
standard entropy change A S^ for complex formation can be 
obtained. 
IR Spectra; 
Though charge transfer complexes have mainly been 
studied by uv - visible spectroscopy chiefly due to the 
26 
0 U 8 12 16 20 2« 26 32 36 
Fig.5 Illustration of the use of ^\\^ Benesi-Hildebrand 
equation to obtain K and Ey at four wavelengths 
for the Triethylamine. I2 Complex. The intercept 
of each line is l/eyj the slope is d/Kty ). [From 
S. Nagakura, J. Am. Chem.Soc, 80,520 (1958)3. 
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possible isolation of the charge transfer band, IR spec-
trometry can give an idea about the geometry of the com-
plex. In most coitplexes and specially in the weaker ones 
the IR Spectra is n«rely a summation of the individual 
spectra. However shifting of peaks may take place to 
lower or higher frequencies.. The regions where there 
is a greater shift in electron density are the ones that 
give rise to more prominent peaks, enhanced intensity 
and greater magnitude in the frequency shifts. 
IR spectrometry can also be used to determine the 
association constants using the usual Benesi-Hildebrand 
equation (13). For this it is necessary that a peak 
is chosen which is not oveclapped by other peaks and has 
maximum intensity. The transmittance is measured and con-
verted to absorbance directly. IR spectrometry is a use-
ful tool to distinguish between charge transfer and hydro-
gen bonding. For exanple if aniline is involved in hydro-
gen bonding the N-H vibration in the complex will move 
to lower frequencies while in the case of charge transfer 
the reverse will be true. IR is also diagnostic of those 
CT conplexes where there is almost complete transfer of 
an electron from the donor to the acceptor and highly 
conducting organic metals or semiconductors result. In 
this case there is usually no peak in the entire IR region. 
28 
tJMR Spectrometry; 
Just like IR, NMR spectrometry of CT conplexes gives 
a summation of the spectra of the individual reactants. How-
ever this technique is only applicable to CT conplexes bet-
ween aromatic systems whereby there is a change in their 
ring current giving rise to an upfield shift of the protons 
of the acceptor and a low field shift of the protons of the 
donor. This is because on conplex formation electron density 
is transferred from the donor to the acceptor. 
There is a difference in evaluating association 
constants by NMR spectrometry than in electronic or IR 
24 
spectroscopy. In this case the method of Hanna and Ashbax^ 
is used. The method is as follows: A small amount of 
the acceptor with a large amount of the donor is dissolved 
in an inert solvent like Cd^- The acceptor concentration 
is kept constant while the donor concentration is varied. 
The various shifts are shown schematically below; 
Acceptor peak ^-MS signal 
& Acceptor a lone 
TMS S igna l 
_^_ ^ \ /\ pure complex 
(not measurable) 
. TMS Signal 
^-A—^\ / \ fiquilibrium 
/ \ mixture 
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The association constant is obtained according to equation; 
1 , 1 . 1 1 . 1 (15) 
A K^ Ao c^  Ao 
Where —-— is plotted against —^— and K and A ^ 
are evaluated from the slope and the intercept. 
30 
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CHAPTER - 2 
SOME STUDIES OH THE NOVEL REACTION 
OF 2,4 - DINITROTOLUENE WITO 
p.. DIMETHYLAMINOBENZAIDEHYDE 
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SOME STUDIES ON THE NOVEL REACTION OF 2^4 - DINITRO-
TOttfENE WITH p- DIMETHYLAMINQBENZAIDEHyPE. 
INTRODUCTION 
The solid state reactions of organic compounds are 
of current interest owing to their utility in the study 
1 
of 'Organic metals' , the photographic processes and the 
2 
energy conversion systems , These reactions find appli-
3 
cations in stereospecific syntheses and in electronic 
2 
and electrostatic devices. 
As far as we are aware very few studies have been 
reported on the solid state reactions of aromatic aldehydes 
with nitro compounds, of the various solid aromatic alde-
hydes available p - dimethylaminobenzaldehyde (pDAB) is 
especially important. It gives interesting colour react-
ions with numerous organic compounds and is therefore a 
4 
useful chroroogenic reagent. Its utility in organic react-
ions has been examined by Menzie. 
Qureshi et. al. studied the analytical applications 
of its colour reactions with nitrophenol and nitrobenzoic 
acids. However, the chemistry of these reactions was not 
studied at all. 
34 
pDAB gives an instantaneous yellow colour with 2, 4 -
dlnitrotoluene (DNT). Since pDAB and DNT have many react-
ion sites the DNT - pDAB solid state reaction may give 
rise to interesting interactions, A study of these inter-
actions is presented in this article. 
This is perhaps the first report on the CT conplexes 
of pDAB, 
EXPERIMENTAL 
Materials; 
DNT (Fluka) and pDAB (B.D.H. Analar, B.D.H., Poole, 
England) were used. All other reagents were of analytical 
grade. 
Apparatus; 
Perkin Elmer 621, Beckman DK •> 2A, Baush and Lomb 
Spectronic 600, and Bauch and Lomb Spectronic 1001 were 
used for infra red spectra, reflectance spectra in the uv 
region and the reflectance spectra in the visible region, 
and uv - visible studies in solution. 
Procedure; 
Study of the Spectra: 
The reflectance spectra of DNT, pDAB and the DNT-pDAB 
complex by intimately mixing the powdered san5>les in different 
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mole ratios were taken in the solid state, in the visible 
and the uv region rising MgCG^ ^^ the reference. 
The infra red spectra of DNT - pDAB mixtures in 
different mole ratios were taken by the KBr disc tech-
nique at different time intervals. 
RESULTS AND DISCUSSION 
Since in DNT the methyl group is electron releasing, 
by the hyperconjugative effect it fortifies the electron 
donating ability of DNT. The effect of the electron with-
drawing nitro group is thereby diluted and DNT is only a 
weak acceptor. Hence the cortplexes formed are rather 
loose. Mullikerife valance bond theory of charge transfer 
describes the wave function as follows: 
^(AD) • ^  Yo <^ '°> + ^ Yl ^^ •-^ "'^  
where u^  {A,D) is the'no bond function! 
The extra absorption band in the electronic spectra 
is characteristic of the dative function. However in weak 
conplexes the 'no bond function' is far greater i.e. 
a > > b. The bonding is largely due to van der Waal's/ 
London's dispersion forces etc., with little or no electron 
36 
transfer from the donor to the acceptor. The problem 
is further conplicated by 'local excitations' in the do-
nor and acceptor moieties which mark the CT band. 
The uv - visible reflectance spectra of pDAB, DNT 
and the DNT - pDAB contplex are given in Fig. 1. The DNT 
spectrum shows a broad band around 250 nm due to /\ - /\^' 
transition. The pDAB spectrum shows two maxima at 245 nm 
and at 340 nm due to /T- ;^'^  transition of the benzene 
ring and tne n - 77^ transition of the C = 0 group. 
However, contrary to the uv spectra of carbonyl compounds 
the intensity of the band due to n - 7^ ^ transition is much 
higher than that due to y^- /s,^ transition. This is perhaps 
due to the fact that the non bonded electrons of the nitro-
gen atom of the amino group contribute appreciably to the 
n - 7Y ^ transition. The charge transfer band obtained by 
substracting the consonant absorptions shows a shift due 
to 7\-/^^transitions in the complex. There is however no 
shift in the n- 7;;^ transition but there is an increase in 
intensity and an increase in the probability of excitation 
of the n - electrons to the antibonding j \ orbitals. 
The Job's plot obtained at 260 nm by substracting 
the contribution of the free reactants is shown in Fig. 2. 
It shows that a 1 ; 1 charge transfer complex is formed. 
In this interaction we have a donor with n and A donating 
37 
• " .4 
38 
0.2 0-4 0-6 0*8 
Mole fraction of DNT 
VO 
Fig. 2 Plot of the Job's Method for the 
DNT-pDAB Reaction in the Solid 
State Obtained by Subtract ing 
the F rac t iona l Cont r ibut ion of 
Free R e a c t o n t i . 
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sites and a weak 7^- acceptor. The possible transitions 
are, therefore, 7\:-A^nd n- 7^ '^  transitions. The uv - visi-
ble spectra in solution shows similar trends. (Fig. 3). 
The Job's method obtained in solution at 440 nm confirms the 
1 : 1 stoichiometry of the solid state (Fig. 4.). 
For horoopolar diatomic acceptors such as l^, Br2 and 
CI2 the infra red forbidden stretching vibrations of the 
free molecules become infrared active and decrease in 
frequency on interaction with an electron donor. A 
similar decrease in frequency is shown by asymmetric accep-
tors. This fact is also observed in complexes with n -
donors. Since we have an asy»T\etric acceptor and our elec-
tron donor has both n and 7^ donating groups,we would also 
expect a decrease in frequencies of the stretching vibrat-
ions . 
It was noticed by Ferguson and Matsen that the elec-
tron density of the acceptor changes during stretching vi-
bration of the acceptor. This means that the interaction 
energy changes •; consequently there will be an oscillating 
dipole moment with a frecjuency equal to the stretching 
frequency of the acceptor. This changing dipole will 
potentiate the absorption by the acceptor. The forbidden 
A^ benzene band at 992 cm was accounted for in the com-
plex by change in the vertical ionization of benzene dur-
ing the vibration. We have also noticed that in the DNT 
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molecule and in the pDAB molecule there is no vibration 
at 992 cm" but in the conplex there is a small peak show-
ing that the formation of the conplex causes an oscillating 
dipole moment. 
A possible reason perhaps for a paucity of studies 
on the CT complexes of pDAB is due to the uncertainity of 
the site of electron donation from pDAB. Since both the 
carbonyl oxygen and the amine nitrogen have non boided 
electrons,both are capable of participating in either n-7\^ 
conplexes or a localized molecular interaction. The situa-
tion may further be conplicated by a chemical reaction at 
one or both sites. 
Our IR studies show clearly that the amine nitrogen 
is the donor atom participating in a CT interaction where-
as the carbonyl oxygen is involved in a chemical reaction. 
Evidence pertaining to the proposed charge transfer will 
be discussed first. 
After studying 40 molecular complexes of picric 
acid, Kross has given an inportant and useful classifi-
9 
cation . This classification has some broad generalities 
which can be applied to other polynitroaromatics such as 
DNT. 
Picric acid contains three nitro groups whose 
stretching frequencies are not expected to be equivalent. 
One nitro group ortho to the phenolic CH is involved in 
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a hydrogen bond with that group. As a result of this 
interaction, the asynanetric stretching frequency of the 
nitro group is decreased. The other non-bonded ortho 
nitro group is rotated out-of-plane of the ring because 
of the steric effect of the hydroxyl group. The para 
nitro group is coplanar with the ring. The three nitro 
asyrrenetric stretching frequencies are not resolved and 
appear as one broad band with a maxima at 1525 cm" . 
The electron density on the two nitro groups of 
the DNT is not the same due to the electron releasing 
effect of the CH^ group. Hence the two nitro groups are 
not equivalent and we get a peak which has been split 
into a doublet at 1515 and 1530 cm" respectively. Hydro-
gen bonding can be a possible reason for the non resolut-
ion of the peaks in picric acid. 
As a result of the generalization given by Kross 
the following conclusions may be reached. The band due 
to the CH out-of-plane bending occurs at 790 cm" in DNT 
and is shifted to 780 cm" in the complex as a result of 
a A - 7\^interaction. The (CH2)2N peak from 2810 cm" 
in the free donor is shifted to 2830 cm" in the conplex. 
This is due to an appreciable decrease in the charge 
density on the nitrogen atom. The v as NO2 at 1515 and 1530 
cm" in the free acceptor merges to a singlet at 1520cm"' . 
4 1 
Hence our complex falls in group II of the Kross 
classification where there is a 7\-- 7\;Mnteraction coupled 
with a localized interaction. A Point of difference with 
the Kross classification is that whereas in the complexes 
of Kross the band due to A)as NOj appears as a singlet 
in picric acid and splits into a doublet in the conplex, 
in DNT the band occurs as a doviblet and merges into a 
singlet. These differences can perhaps be reconciled by 
the magnitude of charge transfer which ih the DNT - pDAB 
conplex is fortuitously such that the electron density 
on both the No^ groups becomes approximately equal 
(Pig. 5.). 
The IR spectral evidence, ' shows that a chemi-
cal reaction also occurs between DNT and pDAB. The C = 0 
peak in free pDAB at 1670 cm" almost vanishes in the com-
plex. The residual absor|>tion in this region is perhaps 
due to the fact that carbonyl oxygen also has some role 
to play in the CT interaction. Similarly the CH^ peak at 
2860 cm" in free DNT is no longer present in the complex. 
A hew band appears at 2840 cm" due to the -CH,- group. 
The peak at 1390 cm" due to GH3 deformation present in 
DNT is also absent in the conplex. Further when the 
methyl group is attached to an aromati£ ring it shows a 
very specific rocking vibration at 1042 cm" . This vib-
ration is also absent in the conplex. Based on the IR 
) 
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Fig. 5 The NO2. , S t re tch ing V ib ra t ion in the In f ra 
Red Spectra of DNT and the DNT-pDAB 
Complex Compared w i th Picr ic Acid and the 
P icr ic A c i d - p Naphthylamine P ic ra te . 
spectral evidence the following product is postulated: 
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NO, 
CH. 
+ „/>» CH, o 
H 
C=r O 
Chemical Reaction 
Charge Transfer 
The NMR spectra of the free reactants and the con^lex 
in carbon tetrachloride is shown in Figs. 6-8. The shifts 
are in consonance with charge transfer whereby the accep-
tor resonances shift to high field as conpared to the free 
reactant. An idea of the stability of the complex can be had 
from the measurement of the association constants by the 



5 
Benasi-Hildebrand method by visible spectrophotometry. 
-1 -1 
A value of 2.30 1 mol is obtained for the associat-
ion constant. This value is essentially constant with-
in experimental error and is wavelength independent. 
The results at three wavelengths are given in Figs. 9-11. 
^his value shows that the interaction of DNT with pDAB 
gives rise to a moderately strong molecular conplex. 
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Fig.9 The Benesi-Hildebrand Plot for the Evaluation of 
Association Constant of the DNT-pOAB System 
at 400nm. CAoJsConcentrotion of DNT which is 
kept Constant. CDo]= Concentration of pDAB 
which is Varied. Solvent :CCl4 . 
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Fig.10 The Bencsi-Hi ldcbrand Plot for t he Evaluation 
of Associat ion Constant of t h e DNT-pDAB System 
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is Varied- So lvent :CCl^ . 
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Fig.n The Benesi-Hildtbrond Plot for the Evaluation of 
Association Constant of the DNT—pDAB System at 
420nm. C A o J = Concentration of DNT wh'ich Is kept 
Constant. CDo]= Concentration of pDAB wh'ich is 
Var ied . Solvent :CCl^ , 
54 
REFERINCBS 
1. H« Meier« Monographs in modern chemistry* Vol. 2, 
Organic Semiconductors. Verlag Chemie* Weinheim 
(1974). 
2. D. Pox, M.M. Labes and A. Weissbergar (eds) 'Physics 
and Chemistry of the Organic Solid State*^ 
Interscience. New York, Vol. 1, p vii (1963). 
3. M.D. Cohen and B.S. Green, Chem. Brit. 9# 490 (1973). 
4. H. Qureshi, S.Z. Qureshi, H.S. Rathore and A. Mohammad, 
J. Phys. Chem., 79, 116 (1975) . 
5. C. Menzie, Anal. Chem., 28, 1321 (1956). 
6. M. Qureshi, H.S. Rathore and A. Mohammad, Talanta, 
23, 876 (1976). 
7. R.S. MuUiken, J. Am. Chem. Soc, 21* 8^^ (1952) . 
8. R. Foster, 'Organic Charge Transfer Conplexes', 
Academic, New York, p. 94 (1969). 
9. R.D. Kross and V. A. Fassel, J. Am. Chem. Soc, 22' 
38 (1957). 
10# L.J. Bellamy, "The Infrared Spectra of Complex Mole-
cules", Chapman and Hall, (London), 3rd £dn. 
vol. I (1975). 
11. A.I. Vogel, *A Textbook of practical organic Oiemistry*, 
ELBS and Longman, 4th Edn., (1978). 
